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3.1
1. Introduction
This paper is aimed at sharing with RAN2 the progress of SI on New Radio Access Technology in the other RAN WGs, which are relevant to the RAN2 study area.
The agreements and status to be confirmed or pending by RAN2 are marked with yellow.
2. RAN WG1 progress at RAN1 #87 (November 2016)
NOTE:
The agreements on evaluation assumptions are not reported in this paper.
	General

	Draft TR38.802 was endorsed in R1-1613687 with v1.0.0

	Numerology and frame structure

	Agreements:
· NR should provide support for carrier aggregation, including different carriers having same or different numerologies.

Agreements:
· For DL, dynamic resource sharing between URLLC and eMBB is supported by transmitting URLLC scheduled traffic
· URLLC transmission may occur in resources scheduled for ongoing eMBB traffic
Agreements:
· NR-PDCCH monitoring at least for single-stage DCI design,

· NR supports the following minimum granularity of the DCI monitoring occasion: 

· For slots: once per slot

· When  mini-slots are used: FFS if every symbol or every second symbol

· FFS with respect to which numerology if slot and mini-slot have different numerology (e.g. SCS, CP overhead)

· Note: slot/mini-slot alignment is not assumed here 

· Note: This may not apply in all cases
Agreements:
· NR strives for efficient support of dynamic resource allocation of different numerologies in FDM/TDM fashion.

· Potential specification impact includes but is not limited to:

· FFS:CSI-RS measurement

· FFS: the time and frequency granularity of dynamic resource allocation

· FFS: If spectrum confinement (filtering, windowing, …) can be dynamically varied or not 

Agreements:
· Possible use cases for the extended CP include
· Multiplexing of eMBB and URLLC deployed below 6 GHz
· SCS for eMBB 15(NCP)/30/60kHz, SCS for URLLC = 60 kHz
· Transmission of URLLC with 60 kHz SCS

· High speed scenarios for 30kHz and 60kHz
· Support extended CP at least for 60 kHz SCS
· UE support for ECP may depend on UE type/capability
· FFS how to configure UE using different CP overhead
· FFS the length of ECP
· FFS extended  CP for other scenarios/numerologies
Agreements:
· Resource defined by one subcarrier and one symbol is called as resource element (RE).

· "RE" should be always capitalized expression.

· RAN1 assumes frame length is 10 msec. To be confirmed by RAN2.

Agreements:
· For phase 1, carrier aggregation/dual connectivity operation within NR carriers over e.g. around 1GHz contiguous and non- contiguous spectrum from both NW and UE perspectives is supported
· [4 - 32] should be assumed for further study of the maximum number of NR carriers

· RAN1 will try to decide the exact number in this week

· Cross-carrier scheduling and joint UCI feedback are supported
· Per-carrier TB mapping is supported
· FFS TB mapping across multiple carriers
Agreements:
· Mini-slots have the following lengths
· At least above 6 GHz, mini-slot with length 1 symbol supported

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· FFS whether DL control can be supported within one mini-slot of length 1 

· Lengths from 2 to slot length -1

· FFS on restrictions of mini-slot length based on restrictions on starting position 

· For URLLC, 2 is supported, FFS other values 

· Note: Some UEs targeting certain use cases may not support all mini-slot lengths and all starting positions

· Can start at any OFDM symbol, at least above 6 GHz

· FFS below 6 GHz including unlicensed band

· FFS for URLLC use case regardless frequency band

· A mini-slot contains DMRS at position(s) relative to the start of the mini-slot 

LS was agreed in R1-1613748 with following updates
RAN1 has agreed on a subcarrier spacing fc=15·2n as the subcarrier spacing for NR. RAN1 has also discussed the possible values of the integer n and at RAN1 currently discuss to support of at least 15, 30, 60, 120, 240, and 480 kHz while the need for smaller subcarrier spacings of e.g., 3.75 kHz is for further study according to the decision at RAN1 #86:

· NR numerology scalability should allow at least from [3.75 kHz] to 480 kHz subcarrier spacing 
· Necessity of support for less than 15 kHz subcarrier spacing (e.g., 3.75 kHz) should be studied
The feasibility of a certain subcarrier spacing may depend on e.g. implementation imperfections such as phase noise at different carrier frequencies. The feasibility may also depend on the deployment scenario. RAN1 would therefore ask RAN4 for feedback which subcarrier spacings that are feasible at different carrier frequencies. 
RAN1 is currently studying the design and performance of phase noise tracking reference signal.

2. Actions:

ACTION: 
RAN1 would like to ask RAN4 to provide feedback on feasible subcarrier spacings per frequency band
Agreements:
· At least some reserved resources are indicated by using at least RRC signaling


	Initial access and mobility

	Agreements:
· At least for multi-beams case, at least the time index of SS-block is indicated to the UE
· FFS: single-beam case

· FFS: whether SS-block is transmitted by single-beam or multi-beams

Agreements:
· For initial access, UE can assume a signal corresponding to a specific subcarrier spacing of NR-PSS/SSS in a given frequency band given by specification
· FFS: Definition of frequency band

· FFS: Subcarrier spacing of NR-PSS and NR-SSS is the same or not

· FFS: CP length

Agreements:
· For RAN1 evaluation purposes, it is assumed that the SSS and PBCH (if present) ports within an SS-block are constructed with applying same or different weights on a common pool of beams 

· The common pool of beams are constructed by applying beam steering weights on physical antennas on each of a common set of TXRUs

· Note: SSS and PBCH may or may not share the same ports.
Agreements:
· From UE perspective, SS burst set transmission is periodic

· At least for initial cell selection, UE may assume a default periodicity of SS burst set transmission for a given carrier frequency

· Exact value of default periodicity of SS burst set transmission for a given carrier frequency needs to be studied

· FFS: UE in CONNECTED or IDLE mode may be provided with updated information regarding the SS burst set periodicity of serving cell and/or neighbor cells by the network

· FFS: Validity duration of information

· Note: Updated periodicity may be shorter or longer than default periodicity assumed by UE
· FFS: Note: This does not imply SS-burst set needs to be always on with the updated periodicity

· FFS: SS burst periodicity assumed by UE if information of neighbor cells is not available

· FFS: Consider idle mode operation performance
· Note: Companies can also consider to support functionality related to LTE DRS and LTE IDLE mode
· Companies are encouraged to investigate the tradeoff between network flexibility/power consumption and UE complexity/power consumption

Agreements:
· For NR-PSS

· ZC-sequence can be used as the baseline sequence for NR-PSS for study.

· Other type of sequences are not excluded, e.g. low density power boosted sequence.

· Study the following alternatives on the NR-PSS sequence length

· Alt 1: using sequence whose length is longer than LTE.

· Whether one longer sequence is used or whether the longer sequence is constructed by concatenating multiple sequences which may be same or different sequence and/or length.

· Alt 2: using sequence whose length is shorter than LTE.

· Alt 3: using sequence whose length is the same LTE.

· Study the following alternatives on the sequence repetition

· Alt 1: no repetition.

· Alt 2: time-repetitive signal of NR-PSS across OFDM symbols
· Alt 3: time-repetitive signal of NR-PSS within an OFDM symbol
· Alt 4: frequency-repetitive NR-PSS sequences within an OFDM symbol (element-wise or sequence-wise).

· For NR-SSS

· Study the following alternatives for NR-SSS sequence design:

· Alt 1: interleaving two M-sequences without scrambling using ID in PSS (no cell ID in NR-PSS).

· Alt 2: interleaving two M-sequences with scrambling using ID in PSS as in LTE.

· Alt 3: a root sequence cyclically shifted in time and/or frequency domain.

· E.g. ZC-sequence or M-sequence with cyclic shifts.

· Alt 4: message-based transmission (CRC and/or channel coding based). 

· Alt 5: element-wise multiplication of the ZC-sequence and PN-sequence with cyclic shifts. 

· Other alternatives are not excluded.  

· Study the following alternatives on the NR-SSS sequence length:

· Alt 1: using sequence whose length is longer than LTE.

· Whether one longer sequence is used or whether the longer sequence is constructed by concatenating multiple sequences which may be same or different sequence and/or length.

· Alt 2: using the same NR-SSS sequence length as in LTE.

· Study the following alternatives on the sequence repetition/interleaving:

· Alt 1: no repetition.

· Alt 2: time-repetitive signal of NR-SSS within or across OFDM symbols.

· Alt 3: frequency-repetitive sequences of NR-SSS within an OFDM symbol (element-wise or sequence-wise).

· Alt 4: frequency interleaved sequence of NR-SSS using comb structure within a OFDM symbol.

Agreements:
· Companies are encouraged to propose and evaluate following design parameters of NR-PSS/SSS until next meeting

· SS burst set periodicity

· Subcarrier spacing

· Sequence length

· Sequence type

· Number of IDs provided by NR-PSS/SSS

· Resource mapping/multiplexing

· Following target requirements should be taken into account in NR-PSS/SSS design

· Robustness against initial frequency offset up to 5 ppm

· 10 ppm as optional requirement

· Reasonable complexity for NR-PSS/SSS detection

· Good one-shot detection probability at -6 dB received baseband SNR condition with less than 1% false alarm rate
· Companies report detection probability, the residual timing error and frequency error 
· Good detection performance in multi-cell scenario

· Note: for mMTC, different target requirements may be considered

· Following aspects can be considered (not an exhaustive list)

· Low system overhead due to NR-PSS/SSS transmission

· Low PAPR of waveform for possible power boosting transmission

· Multiplexing with other signal/channel for efficient operation

· Utility of NR-PSS/SSS as reference signal for other channels, e.g., PBCH

Agreements:
· For paging in multi-beam operation, support beam sweeping for paging, and study the following methods:

· Alt-1: Multiplexing paging with SS blocks

· FFS: Details of paging 

· Alt-2: Adding another round of beam sweeping for paging 

· Note: Another round of beam sweeping is different from the beam sweeping of SS burst set 
· Other alternatives are not precluded

· Companies report their assumption for paging
Agreements:
· Companies are encouraged to report, propose and evaluate following design parameters of NR-PBCH until next meeting

· Payload size

· Overhead of PBCH including dedicated DMRS (time/frequency/port resource amount)

· RS for demodulation, e.g., NR-PSS, NR-SSS or  dedicated DMRS or mobility RS

· Transmission scheme, e.g., MCS, transmit diversity

· Periodicity

· Resource mapping/multiplexing within SS block(s)

· Companies are encouraged to report their own evaluation assumptions

· Following target requirements should be taken into account in the NR-PBCH design

· Detectable at low received baseband SNR condition such as [-6] dB

· Note: it does not mean NR-PBCH should be detectable by one-shot
· Companies report the BLER used, timing assumption used and frequency offset used.
· Following can be considered for study purpose, e.g.,
· Combining NR-PBCH across SS blocks within X ms 

· FFS: Value of X ms

· Use of PBCH for frequency offset estimation and necessity of use of the PBCH for frequency offset estimation is also a part of the study
Agreements:
· For study of the cases where  NR-PBCH carries a part of minimum system information, consider the following alternatives (or combinations) for the minimum system information other than those included in NR-PBCH : 

· Alt. 1:  NR defines the additional channel as secondary broadcast channel

· Secondary broadcast channel may be different design from NR-PBCH, e.g. payload size, resource mapping, periodicity and etc.

· FFS on transmission: beam-specific,  cell-specific, and/or TRP-specific, etc.
· Alt. 2:  The remaining information is transmitted in shared downlink channel similar to ,e.g. NR-PDSCH

· FFS on transmission: UE-specific, UE group-specific, beam-specific,  cell-specific, and/or TRP-specific, etc.
· Note: This does not preclude defining of other mechanisms transmitting Other SI
Agreements:
· Consider followings for minimum system information transmission:

· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range

· Alt. 1: NR-PBCH carries a part of minimum system information

· Alt 1-1 : remaining minimum system information is transmitted via other channel at least partially indicated by NR-PBCH

· Alt 1-2: Remaining minimum system information is transmitted via other  channel not indicated in NR-PBCH
· Alt. 2: NR-PBCH carries all of minimum system information

· Study further NR-PBCH design examples with the following clarification of the agreements 

· Example 1 for Alt. 1-1: NR-PBCH carries a part of minimum system information including information necessary for the UE to receive channel carrying remaining minimum system information

· Example 2 for Alt. 1-1: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and possibly information necessary to receive the response to initial UL transmission (e.g., PRACH msg. 2) in addition to information in Example 1
· Example 3 for Alt. 2: NR-PBCH carries all minimum system information 

· Example 4 for Alt. 1-2: NR-PBCH carries information necessary for the UE to perform initial UL transmission (not limited to NR-PRACH, e.g. PRACH msg. 1) and information necessary to receive the response to initial UL transmission (e.g. PRACH msg. 2)
· Information necessary to receive remaining minimum system information is provided after initial UL transmission

· Other examples are not precluded

· Prepare draft LS to RAN2 to clarify the contents and RAN2 preferred size of minimum system information and whether it can be delivered by on demand – Eunsun (LG)

LS was agreed in R1-1613692 with following updates

· Consider followings for minimum system information transmission:

· NR-PBCH is a non-scheduled broadcast channel carrying at least a part of minimum system information with fixed payload size and periodicity predefined in the specification depending on carrier frequency range

Agreements:
· Following options can be further considered for the consecutive multiple/repeated RACH preambles, 

· Option 1: CP is inserted at the beginning of the consecutive multiple/repeated RACH sequences, CP/GT between RACH sequences is omitted and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

· Option 2: The same RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

· Option 3: The same RACH sequences with CP/GT is used
· Option 4: Different RACH sequences with CP is used and GT is reserved at the end of the consecutive multiple/repeated RACH sequences

· Option 5: Different RACH sequences with CP/GT is used

· For options 2 and 3, study further that the same RACH sequences with and without GT can be further multiplied with different orthogonal cover codes and transmitted.

· For example, the consecutive multiple/repeated RACH preambles would be used when Tx/Rx beam correspondence does not hold at TRP
· Other options are not precluded
· For a single RACH preamble transmission, CP/GT are required

· For example, the single RACH preamble would be used when Tx/Rx beam correspondence held at both TRP or UE for multi-beam operation

Agreements:
· The maximum bandwidth for a RACH preamble transmission is not wider than 5 MHz for a carrier frequency of below 6 GHz and not wider than X MHz for a carrier frequency ranging from 6 GHz to 52.6 GHz
· X will be down selected from 5, 10, and 20MHz
· At least, one reference numerology for RACH preamble is defined, 

· 1.25 x n kHz

· 15 x n kHz

· Integer value of n is FFS

· Other values are not precluded

· Based on the reference numerology for RACH preamble, multiple RACH preambles with scalable numerologies are supported depending on the carrier frequency

Agreements:
· The following sequences can be considered for the evaluation

· ZC sequence

· m-sequence
· Other sequences are not precluded
· Companies are encouraged to provided their proposed sequence length
Agreements:
· The raster for NR synchronization signals can be different per frequency range. At least for frequency ranges where NR supports a wider carrier bandwidth and operation in a wider frequency spectrum (e.g. above 6 GHz), the NR synchronization signals raster can be larger than the 100 kHz raster of LTE. 

· A joint decision should be made on:

· the supported minimum carrier bandwidth for a NR carrier

· the supported bandwidths of synchronization signals for NR

· the frequency raster for synchronization signals for NR

· the frequency raster for the center of NR carrier (if applicable) 
Working assumptions:
· For a NR cell, the center frequency for the synchronization signal can be different from the center frequency of the NR carrier
· FFS: Relationship between the center frequency of the NR carrier and the center frequency of synchronization signals and investigate tradeoff between UE complexity and flexibility
Agreements:
· NR supports the following procedure(s) for msg1 re-transmission

· Down selection or combination of power ramping, UE beam switching, and RACH resource switching

· FFS: How to combine power ramping, UE beam switching, and RACH resource switching depending on number of TRP Rx beams, UE Tx beams, number of RACH resources
· FFS: Whether to consider different procedures depending on the single-TRP/beam or multi-TRPs/beams

· Other options for all frequency ranges are not precluded.

Agreements:
· UE Tx beam(s) for preamble transmission(s) is selected by the UE.

· During a RACH transmission occasion of single or multiple/repeated preamble(s) as informed by broadcast system information, UE uses the same UE Tx beam.

Agreements:
· Regardless of whether Tx/Rx reciprocity is available or not at gNB at least for multiple beams operation,

· At gNB, the DL Tx beam for message 2 can be obtained based on the detected RACH preamble/resource and the corresponding association
· UL grant in message 2 may indicate the transmission timing of message 3
· NR will support different PRACH configurations, e.g., considering different numerologies case and whether Tx/Rx reciprocity is available or not at gNB
Agreements: 

· In RACH procedure, the followings are considered at least for UE in idle mode:

· UL Tx beam for Msg. 3 transmission is determined by UE, 

· UE may use the same UL Tx beam used for Msg. 1 transmission.
· FFS: if determination can be assisted by additional signaling from gNB if necessary and how to determine UL Tx beam for Msg. 3
· Others are not precluded

Agreements:
· RAN1 studies further on

· the support of different RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal

· FFS: whether other parameters of each RACH resource subset can be different

· FFS: How the different RACH resource subset size information is conveyed to UE

· the support of same RACH resource subset size that is associated with one or multiple occasions for DL broadcast channel/signal and non-uniform transmission of DL broadcast channel/signal across different directions in a multi-beam scenario

· Other mechanisms to load balance RACH resource subset is not precluded

Agreements:
· NR supports random access procedure for CONNECTED mode UEs 
Agreements:
· NR should support adaptation and network indication of the valid time and frequency resources which may be used for inter-/intra-frequency RRM measurements and reports for ‘CONNECTED’ mode UEs
· FFS: UE-specific and/or cell-specific indication

· FFS: dynamic adaptation/configuration
· FFS: idle and possibly new state modes
· FFS: whether to support aperiodic
· It is up to RAN4 for determining requirements regarding the extent the UE can restrict its measurement to a subband of the configured bandwidth

Agreements:
· For cell level measurement in multiple beam operation scenario, following examples for RRM measurement quantity in connected mode can be considered for evaluations
· Example 1: The quantity is measured on the best received DL signal resource for RRM measurement 
· Example 2: The quantity is a function of quantities measured on best received “N” DL signal resources for RRM measurement 
· FFS : value of N, 
· FFS: N is fixed in the specification; or can be signaled via RRC signaling on the RRM measurement configuration
· Other options are not precluded.
Agreements:
· Consider the following signal combinations for inter-cell RRM measurements for CONNECTED and IDLE until RAN1-NR:

· Option 1: Same RS

· Option 1-1: NR-SSS and/or NR-PSS

· Option 1-2: MRS-1 (Multi-port multi-beam reference signal multiplexed in a SS block)

· Option 1-3: MRS-2 (Multi-port multi-beam reference signal not multiplexed in a SS block)

· Option 1-4: MRS-3 (Single/Multi-port single-beam reference signal)

· Option 1-5: NR-SSS and DM-RS for PBCH if DM-RS is supported for PBCH

· Option 2: Not same RS

· Option 2-1: NR-SSS in IDLE; MRS-{1,2} in CONNECTED

· Option 2-2: NR-SSS in IDLE; NR-SSS and MRS-{1,2} in CONNECTED

· Option 2-3: NR-PSS and/or NR-SSS in IDLE; NR-PSS and/or NR-SSS and CSI-RS in CONNECTED

· Option 2-4: For CONNECTED, RS for IDLE and MRS-{1,2,3}

· Companies are encouraged to bring results and analysis until RAN1-NR considering at least the following aspects:

· Cell coverage in CONNECTED and IDLE

· Overhead of RS resources (e.g. Number of resource elements, BW used for RS mapping, Resource usage in time)

· Accuracy of the RS measurement quantity

· The following impacts resulting from selecting IDLE mode RS option can also be considered for multi-beam case:

· Performance in DL/UL signal reception after RACH before RRC connection, in relation to the associated beams obtained during RACH procedure 

Agreements:
· For RAN1 evaluations for IDLE mode, the default bandwidth for DL RRM measurement assumed by UE is not larger than the minimum carrier bandwidth which may depend on the frequency band

· FFS: mMTC case

	MIMO

	Agreements:
· Support at least the following DMRS based DL MIMO transmissions for data in NR,

· Scheme 1: Closed-loop transmission where data and DMRS are transmitted with the same precoding matrix

· Demodulation of data at the UE does not require knowledge of the precoding matrix used at the transmitter

· Note: spatial multiplexing and rank-1 are included

· Scheme 2: Open loop and Semi-open loop transmissions where data and DMRS may or may not be restricted to be transmitted with the same precoding matrix

· Demodulation of data at the UE may or may not require knowledge of the relation between DMRS ports and data layers

· Note: DMRS can be precoded or not precoded

· Study the transmission schemes, e.g., SFBC, Large delay CDD, Layer shifting, small delay  CDD

· Study the selection of transparent and/or non-transparent DMRS

· Transparent DMRS: DMRS and data precoded identically

· Non-transparent DMRS: DMRS  and data precoded differently

Agreements:
· The number of codeword(s) per one scheduled physical data channel in NR both for DL and UL
· For 1-2 MIMO layers – FFS between 1 codeword and 2 codewords

· For 3-8 MIMO layers FFS among
· Alt 1: 1 codeword
· Alt 2: 2 codewords
· Alt 3: >= 3 codewords

· Study the above alternatives taking into account performance of NC-JT transmission from two or more beams/TRPs, overhead in DCI/UCI (ACK/NACK, CQI)

· Study support of overhead reduction schemes such indication for the maximum number of MIMO layers from TRP, ACK/NACK spatial bundling, etc.

· Study possible use of different modulations in single codeword
· Study the possibility of  configurable number of codewords per UE by NW

Agreements:
· For the purpose of discussions, replace the classifications ’closed-loop’/‘open-loop’ with method-based classification of ‘precoding’ and ‘precoder cycling’
· Signalling and UL-CSI measurement support are to be addressed separately
· Both precoding and precoder cycling can be considered for UL DMRS-based spatial multiplexing (SM)
· Note: For only CP-OFDM waveform, SFBC is covered by this clarification
· Frequency selective precoding is supported for UL MIMO with CP-OFDM waveform when the transmission ports is greater than X
· Following examples can be studied

· Example 1: Precoding information for a given partial BW is explicitly indicated by gNB

· The precoding information can be indicated through a hierarchical indication manner with wideband W1 and subband W2

· W1 and W2 can be signaled in one DCI or two separate DCIs

· Example 2: A single beam group in UL codebook is indicated by BS for UL transmission in perspective of the system bandwidth

· Example 2a: Precoder cycling  is adopted within the beam group 

· Example 2b: The UE has certain flexibility to decide which particular beam/precoder in the beam group for actual transmission.

· Example 3: Reciprocity based precoding

· Other examples are not precluded
· FFS: X value
Conclusion:

· RAN1 can still continue discussion in the next meeting regarding how to refine the terminology related “closed-loop/precoding” and “open-loop/precoder cycling (including transmit diversity)”

Agreements:
· Define at least two sets of transmission parameters, where

· Transmission parameter set 1: parameters configured (FFS: L1 or L2 or L3)
· For default transmission scheme, specify default values of parameters in the Transmission parameter set 1
· FFS: Whether default value can be derived implicitly
· Note that depending on parameter settings in transmission parameter set 1, the size of transmission parameter set 2, i.e. DCI size, may vary. 

· Transmission parameter set 2: parameters indicated by physical layer (e.g. NR PDCCH channel)

· FFS whether multiple subsets is supported and how to simplify DCI format
· Note: some transmission parameter may belong to both set-1 and set-2

· Detail parameters and usage condition are TBD

Agreements:

· For multi-panel based downlink transmission
· Should consider both uniform and non-uniform array 
· Should consider both coherent and non-coherent MIMO transmission for multi-panel antenna array
· Should consider different inter-panel phase calibration cases
· FFS QCL related aspects
· For multi-panel based uplink transmission
· Study way(s) to improve both reliability and capacity, e.g., non-coherent transmission, etc.

· Study practical issues including multiple timing advances, power control, beam procedure with/without the help of existing well paired beams and so on

· Should consider different inter-panel phase calibration cases
Agreements:

· For DL data, support at least a PRB bundling size for precoding equal to a specified value

· FFS whether specified value is system BW dependent

· FFS: Supported values 

· Study further including at least the following:

· FFS PRB bundling size linked to resource allocation granularity (e.g. RBG, etc.)

· FFS whether or not a PRB bundling size equals to all the contiguous scheduled PRBs

· FFS the case of reciprocity based operation

· FFS whether or not a PRB bundling size equals to a configured value(s) irrespective of scheduled PRBs

Agreements:

· NZP CSI-RS resource is defined in NR, as a set of NZP CSI-RS port(s) mapped to a set of REs within a frequency span/a time duration (details FFS) which can be measured at least to derive a CSI 

· Multiple NZP CSI-RS resources can be configured to UE at least for supporting CoMP and multiple beamformed CSI-RS based operations, where

· Each NZP CSI-RS resource at least for CoMP can have different number of CSI-RS ports.

· Further study at least the following aspects:

· FFS QCL aspects

· E.g., set of QCL parameters

· E.g., QCL assumptions within a NZP CSI-RS resource, among two or more resources, etc.

· FFS whether or not a single NZP CSI-RS resource can be used to derive two or more CSIs

· FFS whether or not many NZP CSI-RS resources can be used to derive a single CSI

Agreements:

· Study further the PRB bundling size for precoding for UL data

· DFT-S-OFDM based transmissions

· Consider the case of contiguous scheduled PRBs and non-contiguous scheduled PRBs (if supported)

· Consider the impact due to UL DM-RS design

· CP-OFDM based transmissions

· Considering aspects related to non-reciprocity based CP-OFDM transmission (if supported) and reciprocity based CP-OFDM transmission (if supported)

Agreements:

· For advanced receivers based on network coordination, system-level simulation are encouraged to be evaluated in NR study item

· For system-level simulations, urban macro scenario, dense urban scenario excluding small cells, indoor hotspot scenario, and dense urban scenario including small cells with the same carrier frequency  are encouraged to be evaluated in NR study item

· Simulation assumptions of TR 38.802 can be a starting point 

· FFS whether or not to further update the simulation assumptions

· Details on additional information assumed in evaluations should be provided by each company 

R1-1613681 was agreed.

Agreements:

· NR supports both semi-static and dynamic network coordination schemes

· Study interference measurement details

· Including aspects related to measurement sets 

· The network coordination schemes should consider at least the following schemes:

· DPS/DPB

· CS/CB 

· Non-coherent JT

· Coherent JT

· eICIC

· Whether each scheme requires specification support or not is FFS

Agreements:

· In supporting semi-static and dynamic network coordination schemes in NR, different coordination levels should be considered. 

· E.g., centralized and distributed scheduling, the delay assumption used for coordination schemes, etc.

Agreements:
· Aim for a common framework for CSI measurement and reporting for different types of coordinated transmission schemes

· Study whether or not to have the assumption/indication of interference hypothesis

Agreements:

· NR should consider advanced receiver at the UE, by studying:

· Joint reception of multiple data streams from one or more TRPs/panels

· Interference cancellation/suppression

· One or more data stream(s)

· Reference signal(s)

· Potential notification the UE of the information related to interfering signals, e.g., MCS, CSI-RS ports, DM-RS pattern and transport block size, # of layers, MIMO mode, etc.

· Potential blind detection of information regarding interference
· Potential joint channel estimation and reception of data

· Potentially different numerologies (e.g., tone spacing, etc.)

Agreements:

· Study network side calibration to assist cross-TRP and cross-panel operation, e.g.:

· Necessity of same-panel calibration and specification impact, if any

· Potential UE-aided calibration: transmit/receive calibration signaling between gNB and UE(s)

· E.g., UE-aided calibration may use feedback from UE to gNB 

· Other methods to assist cross-TRP and cross-panel operation are not precluded

Agreements:
· NR supports semi-persistent CSI-RS transmissions

· Activation(s)/de-activation(s) of CSI-RS resource is triggered dynamically

· Note: “dynamically” here can be DCI and/or MAC CE based. FFS details.

· NR supports semi-statically configured/re-configured periodic CSI-RS transmissions

· FFS: Details on signaling mechanisms

Agreements:
· Study the need of supporting UE feedback and contents if needed to assist QCL association between reference signal resources/ports with respect to UE spatial QCL parameter(s) to support UE side beamforming/receiving procedure
· Companies are encouraged to provide details of beamforming/receiving procedures and evaluate performance in terms of at least following metrics:  
· RS overhead 

· Overhead of UE feedback

· Spectral efficiency

Agreements:
· Support variable/configurable DMRS pattern for data demodulation 

· FFS: Time and/or frequency domain density can be configured  

· FFS: RE location can be configured

· At least one configuration supports front-loaded DMRS pattern

Agreements:
· RS for Phase tracking is denoted as PT-RS
· FFS: Naming of RS
· PT-RS supports the following for CP-OFDM: 

· Time-domain density of mapped on every other symbol and/or every symbol and/or every 4-th symbol
· FFS: Whether/how to down-select the time-domain density

· Note: Other time-domain densities of PT-RS are not precluded

· At least for UL 

· The presence of PT-RS is UE-specifically configured

· FFS: Whether implicit and/or explicit UE-specific configuration is supported

· PT-RS is confined in the scheduled time/frequency duration for a UE

· FFS: UE-specific and/or non-UE-specific and/or cell-specific for DL

· The following are to be studied for PT-RS:

· Number of PT-RS ports to be supported

· Use of precoding 

· QCL relationship with other RS, e.g., DM-RS 

· Details on frequency domain pattern(s) and/or variable frequency domain densities

· Whether PT-RS is necessary for DFT-s-OFDM waveform

· Sharing of time/frequency resource between PT-RS among UEs and/or among layers of a single UE

· Additional usage for estimating residual frequency offset and/or high-speed channel

· Possible method(s) to improve phase estimation performance from PT-RS

· E.g., using ZP/NZP PT-RS to reduce interference 

· Details of UE-specific configuration, e.g., associated with the scheduled MCS and/or BW, the number of scheduled layers, or use dedicated signaling

· Others are not precluded
· FFS whether new RS is introduced or extended DMRS is used for phase tracking
Agreements:
· In NR, SRS can be configurable w.r.t. density in frequency domain (e.g., comb levels) and/or in time domain (including multi-symbol SRS transmissions)


· Details FFS

· FFS details on how the set of port(s) and resources for SRS can be indicated by gNB

Agreements:
· For SRS transmission for NR, 
· The size of partial-band is configurable and smallest size can be N PRB(s).

· FFS the value of N

· FFS simultaneous multiple partial-bands transmission is supported depending on UE capability

· NR to support SRS transmission where the numerology(ies) can be configurable for a UE.

· FFS details (e.g., a single vs. multi-numerology by configuration, a single numerology SRS transmission at a time vs. simultaneous multi-numerology SRS transmission, etc.)

Agreements:
· CSI-RS supports the DL Tx beam sweeping and UE Rx beam sweeping

· NOTE: CSI-RS can be used in P1, P2, P3
· NR CSI-RS supports the following mapping structure

· NP CSI-RS port(s) can be mapped per (sub)time unit
· Across (sub)time units, same CSI-RS antenna ports can be mapped

· Values of NP is FFS

· Here, “time unit” refers to n>=1 OFDM symbols in a configured/reference numerology,  where the value of n is FFS
· FFS whether OFDM symbols comprising a time unit is consecutive or not
· FFS Port multiplexing method, e.g., FDM, TDM, CDM, any combinations 
· Each time unit can be partitioned into sub-time units
· FFS Partitioning method, e.g., TDM, IFDMA, OFDM symbol-level partition with same/shorter OFDM symbol length(i.e. larger subcarrier spacing)  as/than the reference OFDM symbol length (subcarrier spacing), and other methods are not precluded
· This mapping structure can be used for supporting multiple panels/Tx chains
· Options to map CSI-RS for Tx and Rx beam sweeping for further study
· Option 1: 
· Tx beam(s) are same across sub-time units within each time unit
· Tx beam(s) are different across time units
· Option 2:
· Tx beam(s) are different across sub-time units within each time unit
· Tx beam(s) are same across time units
· Option 3: combination of Alt1 and Alt2:
· Within one time unit, Tx beam(s) are same across sub-time units.
· Within another time unit, Tx beam(s) are different across sub-time units.
· FFS combination of the different time units in terms of e.g., number and periodicity
· Note that only Tx sweeping or Rx sweeping is also a possibility

· Other options are not precluded.
· FFS: how to capture “same beam” and “different beam” in spec
· FFS: Whether the above mapping structure is configured with one or multiple CSI-RS resource configurations
Working assumption:

· Spatial parameter(s) for QCL in NR describes the spatial channel properties of the RS antenna ports observed at the receiver.

· FFS: Spatial parameter(s) in NR also describes the spatial channel properties of the antenna ports at transmitter(s).

· Support UE reporting for related information, if necessary.

Conclusions:

· Study necessity of supporting 16 orthogonal DMRS ports in DL and UL considering symmetric design both for DL and UL
Agreements:
· For Type I CSI, PMI codebook has at least two stages W = W1W2

· W1 codebook comprises of beam groups/vectors 

· FFS structure and configuration of W1 codebook, e.g. number of ports, grid of beams, orthogonal, non-orthogonal, beam broadening, etc

· FFS frequency granularity of W1 and W2 reporting

· FFS on additional support of W3 (location of W3 matrix is FFS), e.g. multi-panel support, analog beam selection

· Note multi-panel support may be captured in W1, W2 and/or W3

· For Type II CSI, 

· Study the following CSI feedback schemes

· Analog CSI feedback

· Linear combination based CSI feedback

· For example

· Projection of channel and/or covariance matrix and/or eigenvectors onto a basis

· Linear combination of a basis

· Schemes may have orthogonal and/or non-orthogonal basis

· Quantization examples

· Magnitude and phase

· Real and imaginary

· Vector quantization

· Precoder / Precoding Matrix

· Downloadable codebook

· Contents for Quantized or Unquantized CSI feedback

· Channel covariance matrix feedback

· e.g. Hermitian-form codebook, analog CSI feedback, linear combination codebook

· Channel Approximation and/or Measurement 

· e.g. analog CSI feedback, linear combination codebook

· Channel Eigen vectors

· e.g. analog CSI feedback, linear combination codebook

· Other forms of channel representation are not excluded.

Agreements:

· An NR-SRS resource comprises of a set of resource elements (RE) within a time duration/frequency span and N antenna ports (N ≥ 1)
· FFS on the time duration/frequency span

· A UE can be configured with K ≥ 1 NR-SRS resources
· Consider the maximum value of K to be a UE capability to avoid mandatory support for large values of K 

Agreements:
· In NR, a UE can be configured with a CSI-RS resource configuration with X ports

· Supported values of X are up to at least 32

· NR supports up to at least 32 port codebook

· FFS: Codebook design

· Study the potential benefits of 64 ports

Agreements:
· A UE can be configured for CSI acquisition with the following features:
· N≥1 CSI reporting settings, M≥1 RS settings, J≥1 IM settings, and a CSI measurement setting which links the N CSI reporting settings with the M RS settings and J IM settings
· A CSI reporting setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent

· Frequency-granularity, at least for PMI and CQI

· FFS: Which CSI parameters are reported

· If PMI is reported, PMI Type (Type I or II) and codebook configuration 

· An RS setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent

· RS type which encompasses at least CSI-RS

· RS resource set(s) of K resources

· An IM setting includes at least the following:
· Time-domain behavior: aperiodic or periodic/semi-persistent

· IM types which encompasses CSI-IM

· FFS: RS setting and IM setting can be merged
· A CSI measurement setting includes at least the following :  
· One CSI reporting setting
· One RS setting
· One IM setting
· For CQI, reference transmission scheme setting
· Study the possibility of configuring a UE with multiple CSI measurement settings including dynamic indication to select a preferred CSI measurement setting

· Including selection of resource(s) out of the K resources within an RS setting

· UE supports up to L CSI measurement

· Value of L may depend on the UE capability

Agreements:

· NR to provide robustness against beam pair link blocking

· Study mechanisms to achieve the above purpose

· E.g., by enabling PDCCH/PDSCH monitoring with N beams

· E.g., N=1, 2, …

· E.g., TDM monitoring, simultaneous monitoring, etc.

· E.g., by enabling composite beams via e.g., SFBC and/or multi-stage control channel

· The examples are not intended to be exhaustive

Agreements:

· NR supports CSI calculation based on one-shot measurement of interference.

· For one-shot interference measurement, study at least one of the following alternatives:

· Alt1. Dynamic indication of aperiodic IMR.

· Alt2. Configuration of periodic/semi-persistent IMR with dynamic indication of interference measurement restriction.

· Alt3. Configuration of periodic/semi-persistent IMR with semi-static configuration of interference measurement restriction.

· Other alternatives are not precluded

· Note that the definition of IMR (e.g., ZP CSI-RS, NZP CSI-RS, a hybrid of ZP/NZP CSI-RS, DM-RS, etc.) is a separate topic

· Note that the connection of the above alternative(s) with measurement setting is a separate topic

Agreements:

· For NR, support both periodic and semi-persistent CSI reporting:

· For periodic: higher-layer configuration of reporting periodicity and timing offset

· FFS for the case of semi-persistent CSI reporting w.r.t. reporting periodicity and timing offset

· FFS on detailed signaling

Agreements:

· NR to study interference measurement and reporting mechanism by capturing same-link and cross-link interference in TDD systems for both DL and UL transmissions

Working assumptions:
· For Type I,  CSI feedback using a PMI codebook for X CSI-RS ports is supported

· Supported values of X are at least 1,2,4,8,12,16,[24],32

· Note: For X=1, Type I does not have PMI feedback

· Support for other values of X is not precluded
· Note the number of ports in CSI-RS resource configuration may not be the same with the number of ports in the PMI codebook
Agreements:
· For CSI reporting for a component carrier, at least three different frequency granularities should be considered in the study

· Wideband CSI
· Wideband size is determined by UE RF capability of receiving DL signal. 
· Location of wideband could be configurable by network.
· For example, used for analog beam management at least.
· Partial band CSI
· Alt1. UE-specifically configurable bandwidth 
· Alt2. The size is determined by the composition of numerologies or scheduling time units within the UE-specific wideband.
· Applicable only when different numerology or scheduling time unit are multiplexed within wideband. 
· For example, used for analogue beam management
· For example, used for managing CSI per service at least
· Subband CSI
· The band size is determined by dividing wideband or partial band to multiple bands.
· For example, used for frequency selective scheduling and subband precoding at least
· Possible down selection and/or merge of above granularities can be studied

· Combination of above frequency band CSI also needs to be studied

Agreements:
· Study the benefit of involving UE in selecting CSI report setting based on its measurement. 

· CSI report setting may include the granularity of spatial domain (e.g. rank and beam(s) selection) and frequency/time domain (e.g. wideband/subband or subband size).

· Including of other domains are not precluded. 

· UE selection is under certain constraint configured by network. (same as LTE)

· Study UE assisted/selected CSI report setting, with the following use cases:

· Example-1: UE may recommend the best CSI report setting/s to help network configure CSI feedback. (Network can overwrite UE’s recommendation) 

· Example-2: Network can configure multiple candidate CSI report settings for UE to select, and UE indicates its selection along with CSI report (e.g. “Enhanced” RI can be used for UE to indicate its selection)

· Others are no precluded
· Note: LTE actually support multiple types of UE selected feedback “format”:
· RI (may change the payload of the CSI)
· CRI (may change the payload of the CSI)
· Orthogonal beam pattern for Rel. 13 Rank 3-4 codebook (no impact on the payload of the CSI)

Agreements:
· Companies are encouraged to refine the definition of beam correspondence, if necessary 

· Note: whether or not to introduce this definition in NR is a separate topic

· Under the refined definition of beam correspondence (if any), study whether or not mechanism(s) for determining UE’s beam correspondence is needed. 

· the study may consider the following aspects - 

· e.g. metrics to be considered SNR/Power (beam-quality), CSI, and others
· e.g. values of the metrics at which beam correspondence is declared
· e.g., complexity/overhead 
· e.g., possibility of supporting reporting to the gNB about beam correspondence at the UE
Agreements:

· NR supports with and without a downlink indication to derive QCL assumption for assisting UE-side beamforming for downlink control channel reception

· FFS: details

· E.g., QCL assumption details

· E.g., indication signaling (e.g. DCI, MAC CE, RRC, etc.)

· E.g., beam-related indication for DL control and data channels 

Agreements:
· NR should study the necessity of event-driven UE initiated UL transmission, e.g., in the event of beam quality degradation 

· E.g. due to UE mobility/rotation, blockage, and/or link failure, etc.

· FFS: details of event(s) of beam quality degradation

Agreement:
· Consider the impact of the antenna panel array
· Study the impact of antenna panel array in NR CSI feedback design.
· Note: Different antenna panel may or may not be from same TRP.

Conclusion:
· Discuss further till next meeting to clarify P-1/P-2/P-3 in terms of being periodic, aperiodic, etc. – Alexei (Intel)

Agreements:
· Support UE specific RRC configuration of one or more CSI-RS resource sets
· As one operation example, CSI-RS resources within a set can be dynamically shared amongst users

· Support dynamic allocation of one or more CSI-RS resources from the one or more sets to one or more users

· Allocation can be aperiodic (single-shot)

· Allocation can be on a semi-persistent basis

· Note: semi-persistent CSI-RS transmission is periodic while allocated

· Study the following aspects

· Signaling mechanism for dynamic allocation/de-allocation

· e.g. via MAC CE or L1 control signaling, via hierarchical control signaling with MAC-CE and DCI
· De-allocation may or may not be dynamically signaled at a later point in time

· Signaling mechanism for slot configuration (i.e., periodicity, subframe offset like in LTE)

· Signaling format for dynamic indication of CSI-RS resource(s)

· Signaling overhead reduction approaches

· e.g., structured groupings of CSI-RS resources and/or allocation scheme utilizing a combination of RRC configuration and dynamic signaling

· Methods to support resources of variable number of ports

· e.g. Aggregation of resources of a smaller number of ports
· Note: CSI-RS can be NZP

· FFS: ZP
· Note: mapping of CSI-RS resources with TRP(s) is an implementation issue

Conclusion:

· All proposals in R1-1613741 are endorsed
Conclusion:

· The spreadsheet in R1-1613744 containing the results is endorsed 

Agreements:
· For NR-PUSCH at least targeting eMBB,

· Open-loop power control based on pathloss estimate is supported.

· Pathloss is estimated using DL RS for measurement

· Fractional power control  is supported

· FFS: Which DL RS(s) for measurement is used (The RS may be beamformed).

· Closed-loop power control is supported, which is based on NW signaling.

· Dynamic UL-power adjustment is considered

· Further study on:

· Numerology specific power control

· e.g. numerology specific power control parameters

· Beam specific power control parameters

· Power control for other RSs and physical channels

· Power control for grant free PUSCH if supported
· Power control per layer (group)


	Scheduling/HARQ aspects

	Agreements:
· Send LS to RAN4 to study the following points for single/multi-carrier operation
· How fast is the UE RF bandwidth adaptation

· How much power saving is possible for UE RF bandwidth adaptation
· Other benefits

· Whether any of the above depends on the conditions, such as

· Whether or not first and second RF bandwidth are centered at the same frequency

· Whether or not first RF bandwidth are partially or fully contained in the second RF bandwidth

· The ratio of first and second RF bandwidth

· Whether or not first and second RF bandwidth are in the same band

· Dependency of modulation scheme

· Whether or not neighbor cell synchronization signals are within first RF bandwidth

· Whether or not first and/or second RF bandwidth are centered at the same frequency as neighbor cell synchronization signals

· Whether or not additional reference signals are needed, for example for AGC settling
· Whether it depends on transmission direction
· LS includes corresponding agreements/WA for DL control in past meetings
· Note: RAN1 is under discussion on RF bandwidth adaptation for DL data and UL control/data
LS was agreed in R1-1613663
Agreements:
· The time/freq. resource containing at least one search space is obtained from MIB/system information/implicitly derived from initial access information
· Time/freq. resource containing additional search spaces, can be configured using dedicated RRC signaling
· Other solution is not precluded
Agreements:
· The reference signals in at least one search space do not depend on the RNTI or UE-identity
· FFS: The reference signals in at least an additional search space do not depend on the RNTI or UE-identity

· FFS: For one UE, there is the case the channel estimate obtained for one RE is reusable across multiple blind decodings involving that RE
· In an additional search space, reference signals can be configured, FFS: explicitly or implicitly
Agreements:
· At least for single-stage DCI design:

· A control resource set (formerly called control subband) is, in the frequency domain, a set of PRBs within which the UE attempts to blindly decode downlink control information

· The PRBs may or may not be frequency contiguous

· A UE may have one or more control resource sets

· Working assumption: One DCI message is located within one control resource set

· In frequency-domain, a PRB is the resource unit size (may or may not including DM-RS) for control channel
Agreements:
· NR should support dynamic reuse of at least part of resources in the control resource sets for data for the same or a different UE, at least in the frequency domain

· FFS if resource reuse can be done in time domain as well

· FFS: DL data DM-RS location in time should not vary dynamically as a consequence of dynamic reuse of control resources for data

· FFS: time/frequency granularity of the resource reuse

· FFS: signaling needed, if any

Agreements:
· when the control resource set spans multiple OFDM symbols, NR support a  control channel candidate to be mapped to multiple OFDM symbols or to a single OFDM symbol

· The gNB can inform UE which control channel candidates are mapped to each subset of OFDM symbols in the control resource set. FFS: details of the signaling (implicit or explicit)

Agreements:
· Physical uplink  control signaling should be able to carry at least hybrid-ARQ acknowledgements, CSI reports (possibly including beamforming information), and scheduling requests
· Support ‘UCI on PUSCH’, i.e. using some of the scheduled resources for UCI in case of simultaneous UCI and data

· Support ‘simultaneous PUSCH and PUCCH at least for the long PUCCH format’, i.e. transmit uplink control on PUCCH resources even in presence of data

· At least a low PAPR/CM design should be supported for the ‘long PUCCH’

· A combination of semi-static configuration and (at least for some types of UCI information) dynamic signaling is used to determine the PUCCH resource both for the ‘long and short PUCCH formats’
· It should be possible to dynamically indicate (at least in combination with RRC) the timing between data reception and hybrid-ARQ acknowledgement transmission as part of the DCI.

Agreements:
· Support FDM of ‘short UCI’ and data, both within a UE and between UEs at least for the case where the PRBs for short UCI and data are non-overlapping
· FFS: PUSCH in the short UL duration can be scheduled independently
Agreements:
· A UCI carried by long duration UL control channel at least with low PAPR design can be transmitted in one slot or multiple slots

· Transmission across multiple slots should allow a total duration of [1] ms at least for some cases
· FFS: more than [1] ms at least for some cases

· FFS the numbers of the slots
Agreements:
· In order to support TDM of short PUCCH from different UEs in the same slot, a mechanism to tell the UE in which symbol(s) in a slot to transmit the short PUCCH on is supported at least above 6 GHz (exact mechanism FFS)

Agreements:
· For UL control channel with long duration, TDM between RS and UCI is supported at least for DFT-S-OFDM
· FFS on location of RS symbol(s) (e.g., front-loaded RS, fixed-location RS)
Agreements:
· At least an UL transmission scheme without grant is supported for URLLC
· Resource may or may not be shared among one or more users 

· FFS: resource configuration details

· FFS other details of design

Agreements:
· Asynchronous and adaptive HARQ  is supported for DL


	Channel coding and modulation

	Conclusion:

· One aspect that should be considered further for the NR-LDPC design is the lifting size definition:
· E.g. the lifting size z =c*2d, where c is chosen from a set C of positive integers and, for each value of c, d is taken from the set D = [0,1, 2, 3, 4, 5, 6, 7, 8]
· FFS the set C
Agreements:

· Code extension of a parity-check matrix is used for IR HARQ/rate-matching support 
· Use lower-triangular extension, which includes diagonal-extension as a special case
· For the QC-LDPC design, the non-zero sub-blocks have circulant weight <=2
· Circulant weight is the number of superimposed circularly shifted Z(Z identity matrices
· In parity check matrix design, the highest code rate (Rmax,j ) to design j-th H matrix for is 
· Rmax,j <=8/9
· Rmax,j is the code rate of the j-th H matrix before code extension is applied (0( j< J) 
· Rmax,j is the code rate after accounting for the built-in puncturing, if this is applied in H matrix design
· Rate matching to support transmission code rate higher than Rmax,j is not precluded
Agreement: 
· UL eMBB data channels:

· Working Assumption to adopt flexible LDPC as the single channel coding scheme for small block sizes (to be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, implementation complexity and flexibility)

· (Note that it is already agreed to adopt LDPC for large block sizes)

· DL eMBB data channels:

· Adopt flexible LDPC as the single channel coding scheme for all block sizes

· UL control information for eMBB

· Adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· DL control information for eMBB
· Working Assumption to adopt Polar Coding (except FFS for very small block lengths where repetition/block coding may be preferred)
· To be confirmed unless significant issues are identified by the RAN1 Jan adhoc in relation to performance, latency, power consumption and implementation complexity
Working assumption:
· NR supports 0.5*pi BPSK modulation for DFT-s-OFDM

· While using DFT-s-OFDM, 0.5*pi-BPSK modulation using DFT-S-OFDM with frequency domain spectrum shaping can be further considered at least for eMBB uplink data for up to 40GHz

· FFS

· The details of frequency domain spectrum shaping 

· This does not preclude the case where no spectrum shaping is needed

	Duplex and interference management

	Agreements:

· Referring to TR 38.913, the terminology of “duplexing flexibility” in NR means at least one of the following mechanisms to manage resources flexibly for uplink and downlink for both paired and unpaired spectrum. 

· 1) UL and DL usage is flexibly changed in time domain in unpaired spectrum. 

· 2) UL and DL usage is flexibly changed in time domain in UL band in paired spectrum 

· 3) UL and DL usage is flexibly changed in time domain in DL band in paired spectrum 

· Note: the definition of the above terminology is not intended to have impact on prioritizing discussion on any of the above mechanisms

Agreements:

· NR should support dynamically assigned DL and UL transmission directions at least for data on a per-slot basis at least in a TDM manner

· FFS control signaling details (e.g. UE or cell-specific, applicable for cross and/or same-slot scheduling, switching between dynamic and semi-static operation, etc.)

· FFS adaptation at the level of a mini-slot

· Other aspects, if any, are not excluded

· Note: the applicability of the above bullets in terms of spectra is a separate discussion

Conclusion:

· Rapporteur to come up with a skeleton for duplexing flexibility, e.g., using the following as a start point:

· X.          Duplexing flexibility
· X.1                Duplexing mechanisms
· X.2                Cross-link interference mitigation 
· X.3                Evaluation of duplexing flexibility 

· X.4                Summary and conclusions

Agreements:
· Companies to report the delay assumption used for coordination schemes if used in the simulations

· Note that the delay assumption depends on RAN3 architecture discussions

Agreements:

· At least following schemes are identified to be further studied aiming to mitigate cross-link interference with and without the assumption on inter-cell coordination:
· Advanced receiver for interference cancellation/suppression 
· RS design (e.g. symmetric RS) and timing alignment between DL and UL 

· Sensing/measurement scheme (e.g. LBT-like, OTA measurement if any, etc.)
· Power control and coordinated schemes (e.g. coordinated beamforming/scheduling, OTA signalling if any, etc.)
· Link adaptation
· Strive for common cross-link interference mitigation schemes for both paired and unpaired spectrum.

· For further study of measurements of cross link interference (CLI), aim for (if possible) reusing a physical reference signal used for other purposes 
· The need to enable CLI measurement should be taken into account when designing the RS which is also to be used for CLI measurement
· Study metric(s) to be used for CLI measurement, e.g., RSRP
· Physical reference signal used for CLI measurement aim for the same type for DL & UL (e.g. DM-RS type, CSI-RS type, etc.)

· To support CLI measurement, RS of a UE or a TRP aim to be received by another UE or another TRP 

	Others

	Agreements:
· For LTE and NR coexistence, 

· In NR design, consider support of flexible starting point and duration of scheduled resources as a tool to avoid for example the control region of MBSFN subframes and be able to use resources in the unused MBSFN subframes of an LTE carrier
· Note: those mechanisms may be reused from forward compatibility mechanisms
· FFS: use of mini-slot

· FFS: Dynamically or semi-statically varying starting point and duration
· NR design supports adapting the bandwidth occupied by NR carrier(s) at least as fast as LTE carrier aggregation schemes

· FFS: Detailed design

· FFS: Allowing NR transmissions while avoiding OFDM symbols carrying CRS on a DL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· Note: those mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot

· Allowing NR transmissions while avoiding OFDM symbols carrying SRS on an UL LTE subframe
· Further discussion needed on how to handle sTTI transmissions of LTE
· FFS: PRB-level resource allocation can be used as a tool to avoid for example PSS/SSS, PBCH, EPDCCH, PUCCH, PRACH, as well as PRB-level scheduled LTE PDSCH and LTE PUSCH, of an LTE carrier

· FFS: Mapping NR signals and channels around the LTE CRS patterns

· Note: those mechanisms may be reused from forward compatibility mechanisms
· For adjacent channel/band operation of NR and LTE in the unpaired spectrum

· Design at least one semi-statically assigned DL/UL transmission direction configuration for NR that avoids DL/UL interference with at least one LTE TDD DL/UL configuration and special subframe configuration

· This does not preclude at most one semi-statically DL/UL transmission direction configuration in NR specification

· Note: DL/UL interference also can be avoided by using dynamically assigned DL/UL transmission direction in some cases

· FFS: Backhaul signaling between NR and LTE for interference coordination

· FFS: Other mechanisms

· Note that the above agreements do not imply that UE has to support simultaneous connection of NR and LTE in the same or overlapping carrier

· Note: that above mechanisms may be reused from forward compatibility mechanisms, or mechanisms for multiplexing eMBB and URLLC on the DL, or mini-slot


3. RAN WG3 progress at RAN3 #94 (November 2016)
TR 38.801

Editorial update of TR 38.801 (v0.6.1) was provided by Rapporteur in R3-163034 and was endorsed.

Following text proposals for the TR was also agreed:

· R3-163016: Editorial TP to capture inter-RAT handover scenarios in correct sections.

· R3-163107: Editorial TP on the use of the terms “RAN” and “New RAN”.

· R3-163109: Terminology-related TP to use terms “Intra-system / Inter-system / Inter-RAT HO”.

Agreed TR update to v0.7.0 was provided in R3-163178 after the meeting, which reflects all agreed TPs during the meeting. The TR is presented to RAN#74 for information as v1.0.0 in RP-162255, where the contents are the same as v0.7.0.

RAN functions

RAN3 discussions showed that the multiple-connectivity function is not clear. A text proposal for the TR to remove the description for multiple-connectivity and to mention that multiple-connectivity is pending to RAN2 was agreed in R3-163108.

For UE inactive mode, it was acknowledged that the discussions in the next meeting should focus on the difference with Light Connection and avoid duplication.

New RAN architecture

A text proposal for the TR to capture that the New RAN consists for two logical nodes (gNBs and eLTE eNBs), New RAN logical nodes are interconnected via Xn and New RAN logical nodes are connected to the NGC via NG interface was agreed in R3-163110.

NG interface

The Working Assumption to use SCTP for NG-C interface turned into an agreement. A text proposal for the TR to reflect this agreement and to also capture a list of potential requirements/issues on SCTP to be addressed either in SI or WI was agreed in R3-163248.

The following NG interface procedures were agreed to be supported: NG Setup, Initial Context Setup, UE Context Release, DL NAS Transport and UL NAS Transport. A text proposal for the TR to remove “(FFS)” from the corresponding procedures and to introduce descriptions for these procedures was agreed in R3-163112.

A text proposal for the TR to add Protocol Oblivious Encapsulation (PoE) as a candidate protocol stack for the NG-U interface was agreed in R3-163113 (CB: #34_PoE). A text proposal for the TR to capture key characteristics for the other two candidate protocol stacks of the NG-U interface (GTP and GRE, which were already captured in the TR) was also agreed in R3-163114 (CB: #35_NG-UPtocol). But it was agreed to take as the Working Assumption that GTP-U is to be used as the protocol for the NG-U interface, and a text proposal for the TR to capture this was agreed in R3-163115 (CB: #36_NGUprotocol).

Proposal on integration of EPC within the 5G System on NG interface level (i.e. include S1 interface functions into the set of NG functions) was made (related contributions in R3-162980 and R3-162981). Possible benefits of the proposal were debated without any conclusions. Discussion on the topic is to be continued.

Proposal for the radio access architecture to be designed to support the use of satellite links for the NG interface was made (related contribution in R3-162932). RAN3 chairman will take action to report to RAN that the Satellite industry, as 3GPP contributors, wishes to use the satellite link as physical layer for NG (NG-C, NG-U and TNL).

Completion is to be continued next meeting.

Xn interface

The following Xn interface functions were agreed to be supported: UE context retrieval, Resource coordination, Self-optimization. It was also acknowledged that Dual connectivity between two gNBs is pending to RAN2. A text proposal for the TR to capture these points was agreed in R3-163117.

A text proposal for the TR to capture descriptions of Xn interface procedures (for those procedures already agreed last meeting) and a note to remind that RAN3 should revisit work in other groups to understand whether LTE dual connectivity signalling schemes can be used for NR was agreed in R3-163118.

It was agreed to take as the Working Assumption that GTP-U is to be used as the protocol for the Xn-U interface, and a text proposal for the TR to capture this was agreed in R3-163119.

Network slicing

A text proposal for the TR to capture that for resource management between slices, RAN selects the appropriate configuration for the traffic for each network slice based on the slice ID was agreed in R3-162955.

A text proposal for the TR to capture (1) RAN selection of CN entity, depending on availability/unavailability of slice ID provided by UE at initial attach, and for subsequent accesses; and (2) that there is only one signalling connection for a UE even if the UE is associated to multiple simultaneous was agreed in R3-163221.

A text proposal for the TR to capture Slice availability aspects and potential implications on mobility and call admission was agreed in R3-163222.

QoS
A text proposal for the TR to capture QoS and PDU Session Management aspects based on latest SA2 agreements were agreed in R3-163249. An email discussion is to be triggered to reflect based on version of 23.799 agreed by SA2.

For the flow based QoS framework, the flow to DRB mapping is determined by RAN. It is possible that the flow to DRB mapping in source cell may be different to the mapping in target cell. This is an issue that should be further studied in the next meeting. Related contribution is in R3-162958.

It was agreed that EPS-QoS applies for Option 3 connectivity and a text proposal to capture this was agreed in R3-163217.

Tight interworking between New RAT and LTE
It was agreed to take as the Working Assumption that the procedures and protocols over the Xn interface for Option 7/7a should be the same as Option 4/4a, and evaluation criteria in RAN3 for SCG split bearer was also agreed. A text proposal for the TR to capture these points was agreed in R3-163120.

It was agreed that for tight interworking procedures over the Xx interface in Option 3/3a, existing procedures defined in TS 36.300 can basically be reused with minor updates to adapt the message information to NR. It was also acknowledged that the use of HeNB as SeNB is not justified in RAN3 for this scenario. A text proposal for the TR to capture these points was agreed in R3-163121.

New RAN operation: Intra-system mobility
For intra-system mobility (gNB-gNB handover and eLTE eNB – gNB handover), the principle that LTE X2 handover procedure as in 36.300 is taken as a baseline was agreed. A text proposal for the TR to capture this was agreed in R3-163168.

A variant of the inter-gNB handover which utilizes in-band path switch was presented. A text proposal for the TR to capture this variant was agreed in R3-163250.
Contributions on multiple-connectivity mobility and inactive mode mobility were postponed as these topics are pending to RAN2.
New RAN operation: Inter-system mobility
Some contributions on inter-system mobililty were postponed as these topics are pending to SA2.

A text proposal for the TR to capture that an NGx interface may exist between EPC and NGC, in line with SA2 agreement/LS, was agreed in R3-163170.

SA2 agreement on having to support mobility procedures from NGC to EPC was acknowledged, and impact of this on RAN3 is expected.

New RAN operation: Session setup / Initial UE access
A text proposal for the TR to capture Session Modification and Session Release was agreed in R3-163251.

A text proposal for the TR to capture initial UE access which takes LTE as a baseline was agreed in R3-163252.

CU-DU split
Text proposals for the TR to revise justifications for Options 2 and 3 were agreed in R3-163173, R3-163253, R3-163176, R3-163177, R3-163179 and R3-162865.

It was acknowledged that description of Option 3-1 is pending to RAN2. Related contribution is in R3-162729.

A text proposal for the TR to capture that no benefit is foreseen for Option 4 was agreed in R3-162686.

A text proposal for the TR to capture a summary table of the different CU-DU split options was agreed in R3-163180.

A text proposal for the TR to capture that RRC transmission over the CU-DU link may require differentiated transport compared to data transport was agreed in R3-163174.

A text proposal for the TR to capture that RAN3 should focus on option 2 and/or 3 for higher layer splits and focus on other than option 8 for lower layer splits and that specification aspects should be assessed before actually deciding (with a corresponding new section for the TR) was agreed in R3-163214. Further, NEC or vendors was tasked to provide a text proposal for the TR by the next meeting to explain why option 8 was down selected.

A text proposal for the TR to capture standardization issues related to centralised RRM and scheduling was agreed in R3-162687.

Others
There were contributions on hierarchical central coordination in R3-162804 and on migration paths in R3-162993 and R3-162994. Discussions are to be continued.
4. RAN WG4 progress at RAN4 #81 (November 2016)
For ultra wideband handling 

A way forward of [R4-1610920] was approved where the following agreements are made.
· Study RF specification impacts as below.

· Identify whether each RF requirement is impacted by the following aspects:

· Transmission BW configuration,

· Channel bandwidth,

· Combination of the two, or 

· None (of the aspects) 

· Study how each requirement is impacted by the identified aspect
· Study feasibility of the new concept by comparing following cases from implementation point of view.

· Case 1: UE with single RF chain and BS with single RF chain support wide single channel

· Case 2: UE with single RF chain and BS with multiple RF chains support wide single channel

· Case 3: UE with multiple RF chains and BS with single RF chain support wide single channel

· Case 4: UE with multiple RF chains and BS with multiple RF chains support wide single channel

· Case 5: UE with single RF chain and BS with single RF chain support intra band CA

· Case 6: UE with single RF chain and BS with multiple RF chains support intra band CA

· Case 7: UE with multiple RF chains and BS with single RF chain support intra band CA

· Case 8: UE with multiple RF chains and BS with multiple RF chains support intra band CA
· Identify issues related to implementation for each of case in slide 4

· Both RF part and Digital FE part

· Study the relevance of each of the above cases

· Identify constraints to enable both case 1 and 2 implementation in the same channel

· At least following aspects should be studied 

· Tx EVM

· Receiver SNDR (signal-to-noise-and-distortion-ratio) performance including Phase Noise

· Different UL/DL bandwidths for UE

· interrelation between supportable Transmission bandwidth configuration and subcarrier spacing (dependent on phase noise etc), supported FFT sizes, RF efficiency considering other RF requirements such as ACLR, sensitivity, blocking etc.

· How a wideband single carrier can be supported from BS viewpoints.

For NR spectrums/bands

There was a discussion on how to define spectrums/bands for NR. As a result, a way forward of [R4-142] was approved where the followings are concluded.
· How to define NR bands will be further studied and discussed in RAN4 in order to facilitate the smooth transition into NR WI phase. 

· Operators are encouraged to provide initial inputs of possible frequency ranges or bands for NR deployment in January 2017 RAN4 NR ad-hoc meeting.

· RAN4 will review each request and provide initial feedback of  request in RAN4 #82 (Feb, 2017) 

· Initial feedback will be 

· Possibility of merging multiple frequency ranges as single frequency range.

· Recommendation for changing frequency range.

· It does not mean any prioritization over certain frequency.
For UE RRM perspective

One contribution on UE RRM aspects was approved in [R4-119] where way forwards of each of the following aspects are captured. In addition, one text proposal for RRM testability in [R4-128] was approved.
· WF on UE RRM requirements aspects in [R4-119]
· Flexible Numerology

· Agreements (RAN4#81)

· The impact on the measurement accuracy (e.g. RSRP) from the multiple subcarrier spacing shall be studied in RAN4

· Measurement Bandwidth

· Way forward in RAN4#81

· Continue to investigate impact of bandwidth on measurements.

· Study the ways in which UEs with different supported BW and numerology can perform cell detection and measurements in NR

· Study cell detection and measurement performance in NR under different UE supported BWs and numerology

· Continue to investigate the impact of supported BW and  multiple numerologies on measurement BW

· Initial Access, cell detection, discovery signal etc

· Way forward in RAN4#81

· Further investigations of RAN1 decisions on signals for cell identification and measurements (including discovery signals) and the means to have requirements for fast cell identification and measurement

· The performance of the increased hypothesis on the initial access reference signal shall be investigated in RAN4, e.g. the UE complexity, cell identification delay and accuracy.

· The necessary system level requirements  for cell identification performance shall be investigated at system level by RAN4, including e.g.:

· side conditions

· delay requirements

· number of cells to identify

· number of measurements within the measurement period

· number of beams to identity or measure,

· RAN4 will continue to evaluate the impact of RAN1 decisions on beam based measurement

· Beam based measurement

· Way forward in RAN4#81

· Further investigations of requirements for beam based measurement (such as BRS) and possible means to perform fast beam identification and beam measurements

· Further investigate the relation between one or more beam-based measurement and non-beamformed measurements (e.g. number of beam-based measurements and non-beamformed measurements that can be done in parallel)

· RAN4 will continue to evaluate the impact of RAN1 decisions on beam based measurement

· Gaps and gapless interfrequency/interRAT measurements

· Agreements (RAN4#81)

· NR UE supporting both LTE and NR needs to support not only NR cell measurement but also LTE cell measurement.

· Way forward

· Investigate both gap based measurements and measurements without gap

· Note: Gaps may be needed for both NSA and SA operation

· Investigate the impact of gaps for measurements on carriers with different numerologies

· Need for gap-assisted measurement could be indicated by the UE to the network in NR.

· RAN4 should use existing GP0 and GP1 as starting point for inter-RAT measurement gaps.

· RAN4 should also include interrupt handling when discussing measurement gaps.

· Power consumption

· Way forward

· Companies to investigate the framework and values for BS and UE models

· Whether absolute current values can be meaningful agreed in RAN4 or whether to concentrate on relative aspects

· How to include features such as CA in the model

· Study how to apply the power consumption model to facilitate the studies on RRM requirements

· General

· Way forward in RAN4#81

· Investigate the needed requirements for different RRC states including RRC_Inactive state

· Investigate incoming LS from RAN1 in R4-1610833 and provide analysis of the impact to RRM
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�It is for LTE cell measurements while the UE is in NR
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